Bienvenidos
@ ala serie de cursillos en linea NASA
Applied Remote Sensing Training (ARSET)

Introduccion al Monitoreo de |la Calidad del
Agua (CA) a Partir de Mediciones de
Percepcion Remota
Fechas del cursillo: 18 y 25 de noviembrey 2 de diciembre 2014

Horario: 8h a 9h hora Este de EE UU

ARSET : Applied Remote SEnsing Training
(“Capacitacion de percepcion remota aplicada” en inglés)
Un proyecto de Ciencias Aplicadas de la NASA



Plan de estudio

Semana 2
Semana 1
Introduccion a la percepccion Datos de la NASA de la CA, accesoy
remota de la calidad del agua herramientas

[ ey 'Y 3
5 X

Semana 3

Panorama del monitoreo de la CA y estudios de caso del
monitoreo de la CA en selctas extensiones de agua

MAMO_CDOM_9km.CR Colored “"""‘ﬁ..?{aﬂi‘ Matter (COOM) Index 9km [unitiess]




Informacion del cursillo en linea

Presentadores:

Amita Mehta
amita.v.mehta@nasa.qov

Ana Prados
Ana.l.Prados@nasa.gov

Africa Flores
africaixmucane.florescordova@nasa.gov

Presentador invitado:

Blake Schaeffer (Semana-3) Schaeffer.Blake@epa.gov
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(Capacitacion de percepcion remotaaplicada)
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Informacion del cursillo en linea

Enlace de la presentacion: http://arset.gsfc.nasa.gov/webinar

Contacto para pedir el certificado o mas informacion sobre el material
del cursillo

Marinés Martins : marines.martins@ssaihg.com
Agradecimientos:

Brock Blevins (ARSET) bblevins37@gmail.com
David Barbato (Traduccion al castellano) (ARSET) barbatol@umbc.edu
Christine Lee christine.m.lee@jpl.nasa.gov
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ARSET

Webinars
Workshops

Apply for Training
Personnel

Links

Upcoming Webinar

http://arset.gsfc.nasa.gov

Water Quality Monitoring Using Remote Sensing Measurements
11/18/2014 to 12/02/2014

Times: Course-l: 8-9 AM, Course-lI: 1-2 PM, Course-llI: 10-11 AM ( Eastern US time)
There are three identical courses offered at three different times
Courses I and II are in English, and Course III is in Spanish

Please sign up for any ONE course,

Course- (8-8 AM, English) Information and Registration

[ 11 (1-2 PM, i ion and Regi
Course Il (10-11 AM, Spanish) Information and Registration

Course Objective: To introduce remote sensing data, their access, analysis, and applications for water quality (WQ) monitoring in
coastal oceans, estuaries, and in-land lakes.

Course Agenda:

Week-1: Introduction to Remote Sensing of WQ parameters

Week-2: NASA WQ Data, Access, and Tools

Week-3: Overview and Future Prospects of Remote Sensing of WQ Monitoring and Case Studies of Accessing WQ Data

A certificate will be awarded to participants who attend all three sessions and submit k i during
the course.

Agenda: {1 WQ Webinar Agenda
GIS: True
Keywords: Satellite Imagery, Tools

Instruments: Aqua, Landsat, MODIS, Terra, VIIRS P rese ntaC | 0 n e
sy Session

Presentations

Presentations and Reccordings

Week Date Title B b d \
\. Session-1 View Week 1
(English) Recording
(English)
1 November 18, Introduction to Remote Sensing of WQ paramdle Session-1 KA
2018 (Spanish) View Week 1
Recording
(Spanish)
2 ;l:::mber #5: NASA WQ Data, Access, and Tools

Overview and Future Prospects of Remote Sensing
December 2, 2 3 3
3 of WQ Monitoring and Case Studies of Accessing
2014
WQ Data


http://arset.gsfc.nasa.gov

Inscribase al listserve para mas

informacion y novedades sobre los
programas

https://lists.nasa.gov/mailman/listinfo/arset
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Semana 2: Resena

Datos de la NASA de la CA, acceso y

herramientas
Panorama de satélites y sensores para la
percepcion remota de la CA

Datos y herramientas de la CA: SeaDAS,
OceanColor Web, Giovanni, LandsatLook, GloVis,
EarthExplorer

Futuras Misiones Satelitales: GEO-CAPE, PACE,

Introduccion al Modelo oceanico biogeoquimico de
la NASA




Repaso de Semana 1: Parametros de la Calidad del Agua

Propiedades Fisicas: Color, Temperatura, Densidad,
Capacidad Térmica, Turbiedad, Sedimentos Suspendidos

Propiedades Quimicas: pH, Salinidad, Oxigeno Disuelto,
Conductividad, Dureza

Propiedades Biologicas: Florecimientos de fitoplancton/algas
(clorofila-a), Microorganismos, Materia Organica de Color Disuelta

Los Parametros del la CA (indicados en rojo) pueden
obtenerse de los satélites de observacion terrestre de la
NASA con cobertura multi-anual, casi global.




Repaso de Semana 1: Atributos de la Percepcion

Remota
= Misiones/sensores satelitales usados para Informacion de la CA

= Configuracion de orbita satelital: Resolucion temporal,
Cobertura espacial (Orbitas geostacionaria y polar)

= Caaracteristicas del sensor: Tipo, Resolucion Espacial, Bandas
Espectrales

Imagen de Landsat-7 del delta
del rio Niger

The Electromagnetic Spectrum
Resolucion espacial:

Wavelength [meters)




Repaso Semana: Observaciones de percepcion remota para la CA

Satélite Sensor Parametro

Terra MODIS Concentracion de
clorofila-a, T,
MODIS Materia 6rganica
de color disuelta
(CDOM),
Turbiedad,
Profundidad

Misiones eufétical

Actuales Landsat TM and ETM+ Reflectancia
OLlI espectral

Aqua

Terra ASTER Reflectancia
espectral,

Temperatura

NPP VIIRS Reflectancia
espectral,
Concentracion de
clorofila

MODIS: The Moderate Resolution Imaging Spectroradiometer (Espectrorradiometro de imagenes

de resoluciéon moderada)
ASTER: The Advanced Spaceborne Thermal Emission and Reflection Radiometer

TM and ETM: Thematic Mapper and Enhanced Thematic Mapper OLI: Operational Land Imaging
VIIRS: Visible Infrared Imaging Radiometer Suit

La profundidad eufética es la profundidad a la que la intensidad de la luz cae al 1% del valor en la superficial de una extension de
agua. La profundidad eufética es afectada por el fitoplancton, la materia organica disuelta de color y las particulas suspendidas.




Repaso Semana: Observacidones de percepcion remota para la CA

Satélite Sensor Parametro

Misiones EO-1 Hyperion Reflectancia espectral

de investi- ALl

gacion | ional Space Stati HICO Refl i | (al

Sctuales nternational Space Station eflectancia spectral (a

- pedido)
SeaStar/OrbVew SeaWiFS Colorofila-a, Temperatura, ,
Carbono inorganico

particular, carbono organico

Misiones particular, Indice CDOM

pasadas Envisat (ESA) MERIS Reflectancia espectral,
Concentracion de clorofila

ALI: Advanced Land Imager (Captdor de imagenes terrestres avanzado)

MERIS: MEdium-spectral Resolution Imaging Spectrometer (Espectorradiometro de imgagenes de
resolucién media)

SeaWiFS: Sea-viewing Wide Field-of-view Sensor (Sensor con vista al mar de campo visual ancho)
HICO: Hyper-spectral Images for Coastal Ocean (Imagenes hiperespectrales para océanos costeros)




Parametros de la CA a base de observaciones de la
percapcion remota

Landsat (TM, ETM+, OLI), Terra (ASTER), and
EO-1 (Hyperion) la reflectancia espectral y las
Imagenes pueden proporcionar informacion
cualitativa sobre la CA pero requieren
procesamiento adicional y algoritmos para
obtener parametros cuantitativos de la CA

Esta sesion ofrecera descripciones de
satélites/sensores actuales y futuros y las
herramientas para accede a datos disponibles
con enfoque a los parametros de la CA
ampliamente disponibles del MODIS




Reflectancia Espectral y Parametros de la Calidad del Agua

La Reflectancia Espectral en diferentes bandas cambia con los cambios
en las propiedades del agua tales como particulas suspendidas,
profundidad del disco secchi, turbiedad, y concentracion de clorofila

La reflectancia espectral del Landsat, el MODIS se usan comunmente
para monitorear la CA

{———3 TSl basado en el Landsat TM de
lagos en Minnesota derivado gle
mediciones in situ y del Landsat

(EI TSI es una medida de
nutrientes/clorofilay SDT o
transparencia del disco secchi)

Figure 6. Scatter plot of Landsat TSI(sd) vs. In situ late summer mean TSI(sd)
for 6216 lake points.

Figure 7. Minnesota 2005 lake clarity with county and ecoregion boundaries.

Referencia: Un censo de 20 afos del Landsat de la Calidad del Agua en los 10.000 lagos de Minnesota’s
(http://water.umn.edu/Documents/Olmanson,%20et_al. RSE--lake_clarity_paper.pdf)



Reflectancia spectral y concentracion de clorofila
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Reflectancia spectral y concentracion de clorofila

Chl-a < 2mg/m3 2 — 30 mg/m3 > 300mg/m3
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http://water.umn.edu/

El uso de datos de
percepcion remota e in situ
en el monitoreo
operacional de la calidad
del agua en lagos y
arroyos interiores

Ontario Water Clarity 2008

UNIVERSITY INNESOTA

WATER RESOURCES

A collaboration of the University of Minnesota's Remote Sensing and Geospatial Analysis Laboratory and Water Resources Center

| Search |

Welcome

Find out how clear your favorite
Minnesota lake is!

Although water quality protection is a priority for water agencies in lake-rich
areas like the Upper Midwest, budgets restrict the number of lakes
monitored. As a result, agencies cannot identify and manage all water
resource problems.

e St Bl 1: the University of Minnesota's Water Resources Center and Remote Sensing

Laboratory, analysts are developing a new monitoring approach. With images
captured from earth-observing satellites, they're estimating lake and stream
water clarity and mapping aquatic vegetation at city, state and regional
scales.

LakeBrowser

Mapping Stream Quality

Mapping Aquatic
3. Process satellite imagery

In the News

Measuring Water Clarity and Quality in Minnesota Lakes and Rivers: A
Census-Based App Using g Techniques CURA
Reporter, summer 2007

by Patrick L. Brezonik, Leif G. Olmanson, Marvin E. Bauer, and Steven M.
Kloiber

@ Read more from the CURA Reporter

Report on Minnesota rivers comes now by air
03/05/2006 - From 11,000 feet, a powerful sensor can detect subtle
changes in water quality along the length of a river...

Remote Sensing and T Read more from the Minneapolis Star Tribune

Geospatial Analysis ;
Laboratory Satellite Tabulation of Impervious Surface Areas

210 9:*" Hall 2005 - The past decade has been one of steady growth across many areas of
;ﬂi{m‘a;g:ma s North America including Minnesota, and particularly in our lake regions and
612-524-3459 associated communities...

abprifggfs . s ﬁ Read more from LakeLine - A publication of the North American Lake
[T SRR AR Management Society

173 McNeal Hall

1985 Buford Avenue Scientists Monitor Water Quality from Air
?ﬁpgf‘,'_"::;fmg 09/08/2004 - Scientists are testing a new tool for monitoring the health of
umwrc@umn.edu our rivers: a high-tech contraption that tests water quality from the air...

Read more from Kare 11 News, Minneapolis-St. Paul

‘ Back to the top ABad(lelhatop

©2011 Regents of the University of Minnesota. All rights reserved. Trouble seeing the text? | Privacy

The University of Minnesota is an equal opportunity sducatar and emplayer.
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Panorama de Satélites y Sensores para
la Percepcion Remota de la CA



Landsat

http://landsat.gsfc.nasa.gov/
http://landsat.usgs.gov/

Mision continua con multiples satélites, el Landsat-1 se lanzo el 23 de Julio de 1972

Landsat-1 ‘ERTS)?

ELandsab :

Landisat—
_

Landsﬁat-

L andsat-5

: : Landsat-6
EE MSS (79 m, 4 band) O

BN TM(30/120 m,7 band) Landsat-

5::::jnnnnnn
0 ETm+ (15/30/60 m, 8 band)

3 Landsat 8 (15120190 m, 9 banc) t::ﬂﬁiﬁteﬁ ..

1970 1980 1990 2000 2010
Operaciones comerciales
[ ] Operaciones gubemamentales


http://landsat.gsfc.nasa.gov/

Landsat
http://landsat.gsfc.nasa.gov/

= Orbita casi polar, hora de
cruce ecuatorial- 10h
= Cobertura global

Juliode 1972 al presente,
tiempo de recorrido-16 dias

Trvickt isitle Light
= - = Sensores:
BAND  BANGE(m) 4 MSS, TM, ETM+,0LI
= ) ) ) ’
1 450 -515 -
2 525 - 605 TI R S
] 630 -690
4 750 - 900
5 1550 - 1750
f 10400 - 12500 g
7 2090 - 2350
Pan 520 -900
Bands 1 -4 and Fan on Bandz 5, 6,7 on
Prime Focal Fhne _< }_ Coll Focal Plane


http://landsat.gsfc.nasa.gov/

Enhanced Thematic Mapper (ETM+)

Cartografo tematico perfeccionado

http://geo.arc.nasa.gov/sge/landsat/l7.html

A bordo de los satélites de
Orbita polar del Landsat-7.

Coberturay resolucion
espacial:

global, barrido de 185 km,

resolucion espacial 15 m,
30m, 60m

Coberturay resolucion
temporal:

15 de abril de1999-presente,
tiempo de recorrido de 16 dias
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= Bandas espectrales:
8 bandas (bandas
principales azul-verde,
verde, rojo, infrarroja
reflejada y termal,
pancromatica)

Bandas 1-5, 7: 30 m
Banda 6: 60 m
Banda 8: 15 m



http://geo.arc.nasa.gov/sge/landsat/l7.html

Operational Land Imager (OLI)

Captador de imagenes terrestres operacional

http://landsat.usgs.gov/landsat8.php
http://landsat.gsfc.nasa.gov/?p=5779

A bordo de los satélites de orbita
polar del Landsat-8 (LandsatData
Continuity Mission—LDCM- Mision de
continuidad de datos).

Resolucion y cobertura
espacial:

global, barrido de 185 km,
resolucion espacial de 15 m, 30 m

Resolucion y cobertura
temporal:

11 de febrero de 2013 al presente,

tiempo de recorrido de 16 dias

Visible Nearinfrared Shart-wavelength infrared Thermal-wavelength infrared

pEn i o BN | oo s {
| 5 |
AOE o | —}um{_
[ 8§ |

‘,h.

v T v T v T
500 1400 1900 2400 10000 11000

Wavelength (nm)

v
12000

= Bandas espectrales:
9 bandas (las

roja, onda casi corta,
Infrarroja termal y
pancromatica)

Bandas 1-7,9: 30 m
Banda 8;: 15 m

principales incluyen verde,

¥
13000


http://landsat.gsfc.nasa.gov/?p=5779

Parametros de la CA del Landsat

= Braddock Bay o ; .
e = oc et %q Amount of Colored Dissolved Organic Matter

= Solo reflectancia espectral e
Imagenes disponibles en linea,
numerosos estudios usan esta e
informacion para obtener los e S0 el 4
siguientes parametros sobre -
varios lugares:

Concentracion de clorofila, S T S ————————————
profundidad del disco La nueva banda azul del Landsat 8 y su

] ; capacidad mejorada de distinguir variaciones
secchi, particulas sutiles de color ayudan a los investigadores a

: . a investigar la calidad de aguas costeras.
suspendldas, turbledad’ Crédito de la imagen : RIT/NASA/USGS

material organica de color http://www.nasa.gov/content/goddard/taking-nasa-usg
d | su elt a s-landsat-8-to-the-beach/#.VG64blfUmlg



http://www.nasa.gov/content/goddard/taking-nasa-usgs-s-landsat-8-to-the-beach/#.VG64bIfUmIg

Terray Aqua

Terra:
http://terra.nasa.gov = Orbita polar, 10h30 hora de cruce
ecuatorial

= Cobertura Global

= 18 de diciembre de 1999- presente
= 1-2 observaciones por dia

= Sensores:
ASTER, CERES, MISR,
MODIS, MOPITT

Aqua:
= Orbita polar orbit, 13h30 hora
de cruce ecuatorial

= Cobertura Global

= 4 de mayo de 2002 - Presente
= 1-2 observaciones por dia

= Sensores:
AIRS, AMSU, CERES, MODIS,
AMSR-E



http://terra.nasa.gov
http://aqua.nasa.gov/

MODerate Resolution Imaging Spectroradiometer (MODIS)

Espectrorradiometro de imagenes de resolucion moderada
http://modis.gsfc.nasa.gov

= A bordo de Terray Aqua — satélites o
de drbita polar. Disefiado para o I
observaciones terrestres, N |
atmosféricas, oceanicas y criosféricas | oy |

)
400 700 1000 1300 GO0 1900

= Resoluciony cobertura espacial:
global, ancho de barrido de

2330 km, resolucion espacial varia = Bandas espectrales:
250 m, 500 m,1 km 36 bandas (las
principals incluyen
- Coberturay Resolucion Temporal: incluyen Roja, Azul, IR,
2000-presente, 2 veces al dia gl IR, IR el
Bandas 1-2: 250m
Bandas 3-7: 500m
Bandas 8-36: 1000m



http://modis.gsfc.nasa.gov

Parametros de la Calidad del Agua del MODIS

Clorofila, Sedimentos,
Fluorescencia de clorofila,
temperature superficial,
Materia organica de color
disuelta (CDOM), Turbiedad

Secchi Disk Transparency (m)

n 1 -~ 2 a

https://lpdaac.usgs.gov/products/modis prod

Estas imagenes muestras muestran hese
images show true-colorimagery and water
quality data for Green Bay, Wisconsin during
the summer of 2001. The MODIS acquires
data over a wider area and more frequently
than Landsat, allowing researchers to track
seasonal water clarity. (Images courtesy
Jonathan Chipman, Center for Limnology and
Environmental Remote Sensing Center,

ucts table/modis overview

University ot Wisconsin)
http://earthobservatory.nasa.gov/Features/WaterQuality/w
ater_quality4.php



https://lpdaac.usgs.gov/products/modis_products_table/modis_overview

Advanced Spaceborne Thermal and Reflection
Radiometer (ASTER)

Radidometro especial avanzado de emisiones térmicasy reflexion
http.//asterweb.ipl.nasa.qov/

Parametro de la Calidad del Agua: Temperatura ASTER Spectral Bands
Su p erfi C I al g | i | Mid-Tnfrared | - (afrared

g _"“&‘J
L ! !f“
= A bordo del satélite de orbita polar | : (\
Terra — polar orbiting satellite ' ‘

| | ] [ | | [ || 1 |
03 0.5 L0 L5 0 30 50 10 150 200

- CObertura y RQSO'UClén ESpaCIaI : Wavelength, microns
VNIR SWIR TIR

global, ancho de barrido de
60 km, resolucion especial
varia: 15m, 30 m, 90 m

Atmospheric T sIMissi

= Bandas espectrales:
14 bandas (visible hasta las
infrarrojas termales)
= Coberturay Resolucion Bandas 1-3: 15 m (VNIR)
Temporal: Bandas 4-9: 30 m (SWIR)
2000-presente, 2 veces al dia EEmeRs M- SO (1R
Alerta de status alert: Los datos
del ASTER SWIR adquiridos
desde abril de 2008 no sirven



http://asterweb.jpl.nasa.gov/

National Polar-orbiting Partnership (NPP)

Asociacion Nacional de Orbita Polar
http://www.nasa.gov/mission pages/NPP/

I Parametro de la CA Disponible Actualmente: Concentracion de clorofila

= Orbita polar, hora de cruce
ecuatorial 13h30

= Cobertura Global

= 21 de noviembre de 2011-
Presente
= 1-2 observaciones por dia

=  Sensores:
VIIRS, ATMS, CrlS, OMPS,
CERCES



http://www.nasa.gov/mission_pages/NPP/

Visible Infrared Imaging Radiometer Suite (VIIRS)

Conjunto de espectrorradidmetros de imagenes visibles e infrarrojas
http://npp.gsfc.nasa.gov/viirs.html

= A bordo del satélite de orbita polar
NPP —Disefiado para recopilar
mediciones de nubes, aerosoles,
color oceanico, temperatura
superficial, incendios y albedo.

= Coberturay Resolucion Espacial:

global, ancho de barrido de 3040 km,
resolucion espacial de 375ma 750 m

= Coberturay Resolucion Temporal:

Octubre 2011-presente, 2 veces por
dia

3.0
(((((

= Bandas espectrales:

15 bands (bandas principals
incluyen visible, roja, azul,
verde, infrarroja de onda corta,
medianay larga)

Bandas de color oceanico 1-7
(0.402-0.682 um),

Bandas de temperatura marina

superficial 12-13 (3.660-4.128

pm)




Earth Observing Mission (EO-1)

Mision de observacion terrestre
http://eol.gsfc.nasa.gov/

= Orbita polar orbit, hora de
cruce ecuatorial 10h (en
formacién con Landsat-7)

= 21 de november de 2000 al
— Presente (mision
extendida después del 2001)

= Parde del New Millennium
Program (NMP) = Adquisicion de datos en
cuestion de minutos del
= Ultimas tecnologias disefiadas Landsat-7
para facilitar el desarrollo de
futuros observatorios de = Sensores:
imagenes terrestres ALl, Hyperion, LEISA



http://www.nasa.gov/mission_pages/NPP/

Hyperion

http://eol.usgs.gov/sensors/hyperion

A bordo del satélite de orbita polar EO-1
Coberturay resolucion espacial:

Global, 30m
Cobertura Temporal

Desde noviembre 2000, disponible a
través de una solicitud de adqusicion de
datos (Data Acquisition Request-DAR)

> Y —~
J{ ||l*-— vaerspec’rrul Dﬂfﬂ

r U\:\: Hypearion
| \
| 1
] ]I A=—Multispectral Data
] |I / \_!:\_:';ndml ETh+)
| | /
[ f v |\ N
RLN L/ N\
05 o 15 20
Wavelength (urm)

Available Scenes

= Bandas espectrales:
220 Bandas (de 400 a

2500 nm)
Al rededor de 28 bandas entre

480 nmy 750 nm utiles para el
monitoreo de la calidad del agua

Las imagenes hiperespectrales
tienen aplicaciones variadas en
la mineria, geologia, agricultura,
y gestion forestal y ambiental




Hyperspectral Imager for the Coastal Ocean (HICO)

Captador de imagenes para el océano costero

http://www.nasa.gov/mission pages/station/r
esearch/experiments/689.html#overview

A bordo de la Estacion Espacial
Internacional en Orbita casi circular orbit

Coberturay resolucion espacial:
Imagenes selectas, Resolucion espacial
de 90 m (varia con la altitude y el angulo)

Desembocadura
del rio Columbia,
Oregon, EE UU
2012-05-12
16:33:42

Solo se puede pedir una imagen por
Orbita (escena de 42 km x 192 km)

Cobertura Temporal
Since desde el 25 de septiembre de 2009

= Bandas espectrales:

87 bandas en
longitudes de onda visibles hasta
las casi infrarrojas (VNIR)

Tiempo de recorrido de 3 dias

http://hico.coas.oregonstate.edu/datasets/dat
acharacteristics.shtml

Solicitud de datos:
http://hico.coas.oregonstate.edu/collections

/collection process.shtml



http://www.nasa.gov/mission_pages/station/research/experiments/689.html#overview
http://hico.coas.oregonstate.edu/datasets/datacharacteristics.shtml
http://hico.coas.oregonstate.edu/collections/collection_process.shtml

Misiones de Coldr Oceanico Anteriores

https://earth.esa.int/web/guest/missions/esa-
operational-eo-missions/envisat

http://oceancolor.gsfc.nasa.gov/SeaWiFS/

Seastar/Orbview: ENVSAT:

= Orbita polar, cruce = Orbita polar, cruce
ecuatorial a las ~ 12h ecuatorial a las 10h

* Cobertura global = Cobertura global

* 17 de Agosto de 1997 = Marzo de 2002 - abril
— diciembre de 2010 de 2012
tiempo de recorrido tiempo de recorrido
de 1-dia de 30 dias

= Sensores: AATSR,
= Sensores: SeaWIFS ASAR, MERIS



https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/envisat
http://oceancolor.gsfc.nasa.gov/SeaWiFS/

Misiones de Coldr Oceanico Anteriores

El objetivo principal era aclarar la magnitude y variabilidad de la produccién de clorofila
y primarios por fitoplancton marino y determiner la distribuciény cronologia de los
florecimientos de algas

0.015

MERIS

MODIS

R, [sr']

SeaWiFs

400 450 500 550 600 650 700 750 800

Wavelength [nm]

SeaWIFS : 8 bandas esectrales, Ancho de barrido de 1502 km, Resolucion espacial de 4.5 km

MERIS: 15 bandas espectrales, Ancho de barrido de 1150 km, Resolucion especial ->
Océano: 1040m x 1200 m, Tierray costa: 260m x 300m



Niveles de procesamiento de datos



Niveles de procesamiento de datos satelitales

Nivel 0 Datos brutos de instrumentos

|

Nivel 1 Geolocalizados y Calibrados

|

Nivel 2 Datos geofisicos derivados
de productos de Nivel 1

Nivel 3 Compuestos de productos
de productos de datos de Nivel 2

Nivel 4 Productos derivados de modelos

Menos Procesamiento

Datos Orbitales
= Usuario tiene mas control
= Highest spatial/temporal resolution
= Mas dificiles de usar

Mas Procesamiento

Datos Cuadriculados
= Usuario tiene menos control
= Resolucion especial/temporal mas
baja pero cuadriculada y puede que
esté disponible en multiples
resoluciones especial/temporal
= Mas herramientas en linea
disponibles para analisis/acceso
= Mas faciles de usar



Formatos de Datos de Percepcion Remota

Texto/ASCII

pros: facil de leer y de examinar de inmediato (puede leers
con herramientas como Excel y programas GIS)

contras: archivos de datos grandes, no siempre disponible.
Binario — HDF, NetCDF

Pros: ocupan menos espacio, mas informacion (metadatos, SDS)

contras: necesita herramientas o codigos especificos para
leer los datos

KML o KMZ (KML en zip)

pros — facil visualizacion de los datos en 2D y 3D con
herramientas gratis como Google Earth. Los datos son de un
volume muy bajo

Shapefiles/Geotiff: Aplicaciones GIS. Puede que funicionen
0 No con programacion de acceso libre



Herramientas de Acceso a Datos

El Sistema de Datos e Informacion de Observacion Terrestre de la NASA
(Earth Observing System Data and Information System o EOSDIS)

tiene un numero de centros de datos que distribuyen una variedad de
datos y herramientas de la NASA de |la percepcion remota y otros tipos

Puede obtener mas informaciodn del cursillo en linea ARSET :
http://arset.gsfc.nasa.gov/airquality-disasters-ecoforecasting-water-
resources/webinars/introduction-nasa-earth-science-data



http://arset.gsfc.nasa.gov/airquality-disasters-ecoforecasting-water-resources/webinars/introduction-nasa-earth-science-data

Satélite/Sensor

Datos y erramientas

Herramienta
de acceso a

Cobertura

Resolucion
Espacial

Terra y Aqua
MODIS-
Parametros de
la CA

Datos del
MODIS de
Nivel 1 y 2

Datos de

Nivel 3

Landsat™ Tm,
ETM+
EO-1/Hyperion
Terra/ASTER-
Reflectancia
Espectral

NPP/VIIRS-
Parametros de
la CA

datos

Giovanni
Seadas/
Oceancolor
Web

OceanColor
Web

LandsatLook
Viewer*
GloVIS
EarthEXploer

STAR

NASA Goddard
Goddard Earth
Sciences, Data
and Information
Services Center

NASA

USGS

NOAA

8 diasy
mensual
Compuestos
2000-presente

Daily

Diaria,3y 8
dias, mensual,
temporal

2000-presente

Julio de 1972-
presente

Octubre de
2011-presente

9kmy4km

250m

9kmy4km

30-60 m
(Landsat vy
EO1-)

15 m (ASTER)

375m



Herramientas para adquirir imagenes del Landsat

El visualizador LandsatLook GloVis

HUSGS Landsatlook Viewer
e ns |




Como adquirir imagenes del Landsat
El visualizador LandsatLook

http://landsatlook.usgs.qov

2ZUSGS LandsatLook Viewer

P

= W LT

Welcome! | About | Quick Guide | Contact Us | Help E‘- (

e G DL UM
v Search the Landsat Archive

Years
from: 2001

Days of the Year

from: January 01 to: December 31

Maximum Cloud Cover

Sensors

@ Landsat 8 OLI (2013-present)

| Landsat 7 ETM+ SLC-off (2003-present)
@ Landsat 7 ETM+ SLC-on (1999-2003)

| Landsat 4-5 TM (1982-2011)

| Landsat 1-5 MSS (1972-2013)

| Zoom in to 1:1M to show images | |

» Image Display
» Metadata and Data Access

Scale: 1:37 M | Lat: 40.53°N Lon: -112.86°W | Format: png

> Acceso a imagenes del Landsat de color natural y resolucion completa asi
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como productos de Nivel 1. Disponible en formato GeoTiff.


http://landsatlook.usgs.gov

Como adquirir imagenes del Landsat
GloVis

http://glovis.usgs.qov

ZUSGS

science for a changing world

Earth Resources Observation and Science Center (EROS)

USGS Global Visualization Viewer System Notices (3), 2 New, 3 Critical

Collection Resolution Map Layers Tools File Help

T Downloadable

WRS-2
Path /Row: 169 |51 _Go |

Lat/ \
Long: 13:0 | 3856 [ Go |

Max Cloud: ‘i‘
wex 2] & — =
———— 4
Scene Information:
ID: LC81690512014089LCGNOO

CC: 0% Date: 2014/3/30
Qlty: 9 Product: OLI_TIRS_L1T

| Mar 7| | 2014 || Go

Prev Scene | | NextScene |

Landsat 8 OLI Scene List

» GloVis es una herramienta en linea rapida y facil de busqueda y
descarga de datos satelitales


http://glovis.usgs.gov

Como adquirir imagenes del Landsat
EarthExplorer

http://earthexplorer.usgs.qov

ZUSGS

science for a changing world

USGS Home
Contact USGS

- o I I R (S ] ' Search USGS
EarthExplorer

Home 3 New System Messages

q
Search Criteria " [RbCERCH Search Criteria Summary (Show) Clear Criteria
1. Enter Search Criteria A '

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

m Path/Row | Feature

Predefined Area
© No coordinates selected.
oo

D3P TR Result Options



http://earthexplorer.usgs.gov

Como Adquirir Imagenes del VIIRS

http://www.star.nesdis.noaa.qov/sod/mecb/color/composite/

VIIRS Global Ocean Color Composite Images

o EDR Team Home
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http://www.star.nesdis.noaa.gov/sod/mecb/color/composite/

Acceso al MODIS WQ Data usando las herramientas
SeaDas, OceanColor Web y Giovanni



Datos de |la Calidad del Agua del SeaDas

://Iseadas.gsfc.nasa.gov/

\\ Jr\ —— ».:‘5_
Missions + Data~ Documents~ Analyses~ People Forum~ Services~ Links

Data Level
Description

Data Access

[— 0 - [ Archive

SeaWiFS
MODIS Aqua

MODIS Terra

General Description

: d enersive image analysis package for the
prooessmg, display, analysis, and quality control of ocean
color data. While originally developed to support the SeaWiFS
mission, it now supports most US and international ocean
color missions. The primary focus of SeaDAS is ocean color
data, but it is applicable to many satellite-based earth science
data analyses

The latest version (SeaDAS 7.1) is the result of a
collaboration with the developers of ESA's BEAM software
package. The core visualization package for SeaDAS 7 is
based on the BEAM framework, with extensions that provide
the functionality provided by previous versions of SeaDAS..

Supported Missions User Support Other



http://seadas.gsfc.nasa.gov/

http://oceancolor.

Missions + Data + Documents ~

Level 1 and 2 Browser

Visually search the ocean color
data archive. Directly download or
order data from a single file to an
entire mission. Data from the
Aquarius mission is also available.

Level 3 Browser

Browse the entire global ocean
color, sea surface temperature
and sea surface salinity data sets
for many parameters and time
periods and download PNG images
or digital data in HDF format.

Data Archive

Access to the complete data
archive. Retrieval of data in bulk
is possible.

Ocean Productivity

Analyses ~

People Forum ~ Services~ Links

Preview the New Website

Ocean Color Feature

Reprocessed VIIRS Data

Datos de |la Calidad del Agua del OceanColor Web

%%or

Support Services

SeaDAS

A comprehensive image analysis
package for the processing,
display, analysis, and quality
control of ocean color data.

SeaBASS

An archive of in situ
oceanographic and atmospheric
data for use in algorithm
development and satellite data
product validation.

Registration for support services:

O Data access and Subscriptions
© Forgotten password
O Email change

Near Real-Time (NRT) Services:



http://oceancolor.gsfc.nasa.gov/

Demostracion
del SeaDasy
OceanColor Web



Giovanni

GES DISC: Goddard Earth Sciences, Data and Information Services Center

EARTHDATA

vasa GES

Interactive Visualization and Analysis

Data Discovery + Data Centers + Community Science Disciplines ~

DISC Goddard Earth Sciences Data

and Information Services Center Advanced Search
ma ’ —

+ Who Uses Giovanni?

» Giovanni Parameters

« Giovanni Piot Types

* How 1o Use Glovanni

* How to Acknowledge
Giovanni

* Acknowledgements

You are here: GES DISC Home » Glovanni - Intecactive Visualization and Analysis
Giovanni - Interactive Visualization and Analysis

Contributors: tonyr, dnury

Giovanni - Interactive Visualization and Analysis - GES DISC: Goddard Earth Sciences, Data and Information Services Center

Giovanni-4 Now Available
New! Please try cut Giovann-4, the next generation of Giovanni, with dramaticatly improved performance and interactive plotting and mapping. {Currently, only select Aerosols, Hydrology and Turbulent Flux data are

o S —

News
Users Manual
Publications
Newsletters
Feedback
FAQ

available in Giovanni.2

]rmmi Portals } Giovanni Parameter List

~ Atmospheric Portals (Scroll down to view complete list)
® Terra and Aqua MODIS: Monthly
Aura OMI Level 3
Aura OMI Level 26
Aura Microwave Limb Sounder (MLS)
Aura High Resolution Dynamics Limb Sounder (HIRDLS)
Aura Troposphenc Emission Spectrometer (TES)
Earth Probe and Nimbus-7 TOMS
Upper Almosphere Research Satellite (UARS) Halogen Occultation Experimant (HALOE)
SeaWIFS Deep Blue Level 3 Long-Term Aercsol Data: Daily

SeaWIFS Deep Blue Level 3 Long-Term Aeroscl Data: Monthly

>

Portales de™@



Portal Oceanico Giovanni

+ Ocean Portals

= Ocean Color Radiometry Online Visualization and Analysis Monthly Data

= Water Quality Monthiy Data j Datos de 8 dIIaS y

= Ocean Color Radiometry 8-Day Data (includes Water Quality data products mensuales

= NOBM Model Assimilated Daily Global Products

= NOBM Assimilated Monthly Global Products

Seleccion de
Parametros de datos




Temporal

Giovanni
GES DISC: Goddard Earth Sciences, Data and Information Services Center

Interactive Visualization and Analysis

Cursor Coordinates:

Aroa of Interest: West: -180

Vertical Profile

North: ' 50

50

East: 180

Update Map

Select a vertical profile range. The range selection is disabled unless a qualifying parameter is selected. In order to enable this option (and populate the list with values), selec

dimensions and are labeled with a ‘(3D)' in the 'Parameters’ section.
Upper Level —
Lower Level —-
NOTE: Seiected 3D parameters must have the same 3rd ion (e.g., p

)

, altitude, gth, elc.) units in order to enable the vertical level menu.

Seleciones de Analisis espacial,
temporal y Visualizacién

/

A\

Begin Date Year| 2014
End Date Year| 2014

Month | Jan
Month | Jan

“m"r'r“” AL ILIELEU | IV el IVELLVE 3
1 1 .ﬁ.ﬂl"llmll.ﬂ+ﬁr‘ Thjl EIII‘FH.-H-

1
o
8

Time series

Weriical Profile

Scatter plot, Time-averaged
Longitude-Time Hovmoller Diagram
Cross Map, Time-Pressure
Latitude-Time Hovmoller Diagram
Cross Map, Latitude-Pressure
Time series, Area statistics
Lat-Lon map, Time-accumulated
Cross Map, Longitude-Pressure
Ll Owerlay of Lat-Lon Maps

S Animation

| Lat-Lon map, Time-averaged
Lat-Lon map, Time-averaged =

Frs




Demostracion
del Portal
Oceanico
Glovanni



Futuras Misiones de la NASA Para la
Percepcion Remota de |la Calidad del Agua

http://geo-cape.larc.nasa.qov/

http://dsm.qgsfc.nasa.qov/PACE.html

GEO-CAPE

Medicion de fitoplancton en
océanos costeros, calidad del agua
y biogeoquimica de orbita
geoestacionaria, ofrece multiples
observaciones diarias dentro del
campo visual

= Planificada para el 2020

= Orbita geoestacionaria
= (95°-100°W), resoluciéon espacial
propuesta de 250 m a 1 km

= Sensor Oceanico:
Sensor y captador de imagenes de
ecosistemas costeros propuesto con
bandas ultravioleta hasta casi infrarroja
mas infrarroja de onda corta (short-wave
infrared o SWIR)

PACE:

Mediciones globales del color
oceanico para proporcionar
historiales de datos extendidos
sobre la ecologia oceanicay la
biogeoquimica global

= Planificada para el 2019

= Orbita polar, cobertura global de 2
dias propuesto

= Sensor Oceanico:
Espectrometro/Radiometro de
Ecosistemas Oceanicos
con bandas espectrales
en la gama visible/infrarroja

GEO-CAPE: The GEOstationary Coastal
PACE : Pre-Aerosol, Clouds, and ocean

Ecosystem



http://geo-cape.larc.nasa.gov/
http://dsm.gsfc.nasa.gov/PACE.html

El modelado oceanico biogeoquimico de la NASA



NASA Ocean Biogeochemical Model (NOBM)

Modelo Oceanico Biogeoguimico de la NASA
http://gmao.gsfc.nasa.gov/research/oceanbiology/oceanbioloqy.pdf

Dust (Fe) Saa lea Winds, ozone, relative humidity, pressure, Winds  SST
2 precip. water, clowds (cover, T,),
aerosols

Radiative
Model
(OASIM)

Eslh) E4lR)
E.(L) E.(%)
’ IOP Layer Depths ;

310geochemics Temperature, Layer Depths WAL LA

. . . W1E
PTOCESSEes DL Advection-diffusion

hi=d AN

Chlorophyll, Phytoplankton Groups
Primary Production

Outputs:  Nautrients —
DOC, DIC, pCO,
Spectral Irradiance/Radiance



http://gmao.gsfc.nasa.gov/research/oceanbiology/oceanbiology.pdf

NASA Ocean Biogeochemical Model (NOBM)

Modelo Oceanico Biogeoquimico de la NASA
http://gmao.gsfc.nasa.gov/research/oceanbiology/oceanbioloqy.pdf

Modelo oceanico general con
procesos de ecosistemas y carbono
biogeoquimico

Actualmente esta siendo acoplado
con un modelo atmosférico model

Dominio de Cuadricula Global del
Modelo: 84°S a 72°N a 1.25°on.,
2/3° lat, 14 capas oceanicas

Informacion del forzado atmosférico al
NOBM contiene informacion de varios
satélites/sensores remotos

Una version con datos del SeaWIFs
asimilados (combinados) en el modelo

Biogeochemical Processes Model

Ecosystem Component

Nutrients

Phytoplankton

Biogeochemical Processes Model

Carbon Component



http://gmao.gsfc.nasa.gov/research/oceanbiology/oceanbiology.pdf

Comparacion de la clorofila del NOBM con otras

mediciones
http://modis.gsfc.nasa.gov/sci team/meetings/201205/presentations/plenary/greqq.pdf

Global Chiorophyll

0.25

_ Difference
Difference =-17.1%, r = 0.787*

=-8.0%, Difference
r=0.618* =+1.1%

r=0.469

National
Oceanographi
c Data Center
(NOAA)

Para mayor informacion:
Watson Gregg, NASA/Global Modeling and Assimilation Office
watson.gregg@nasa.gov


http://modis.gsfc.nasa.gov/sci_team/meetings/201205/presentations/plenary/gregg.pdf

Datos del NOBM: Disponibles en Giovanni

You are here: GES DISC Home » Giovanni - Interactive Visualization and Analysis
Giovanni - Interactive Visualization and Analysis

Contributors: tonyr, rchowdhury

Giovanni - Interactive Visualization and Analysis - GES DISC: Goddard Earth Sciences, Data and Information Services Center

Giovanni-4 Now Available
New! Please try out Giovanni-4, the next generation of Giovanni, with dramatically improved performance and interactive plotting and mapping. (Currently, only select Aerc
i Hydrolegy and Turbulent Flux data are available in Giovanni-4, with more on the way.)

B Fortals I Parameter List

Atmospheric Portals (Scroll down to view complete list)
Application and Education Portal (Scroll down to view completa list)
Mateocrological Portals

+ Ocean Portals

m Ocean Color Radiometry Online Visualization and Analysis Manthly Data

= Water Quality Monthly Data

= NOBM Model Assimilated Daily Global Products I

= Ocean Color Radiometry 8-Day Data (includes Water Quality data producis) B PanmEtE'rs
> Display: ¥ Data Product Info [ | Units

[ ] NOBM Daily Chiorophytes
NOBM Daily Coccolithophores
MNOBM Daily Cyanobacteria
NOBM Daily Diatoms

NOBM Daily Iron Concentration

= INOBM Assimilated Monthly Global Products;

— mmm . A s d & s R — S P |

OO0Oal




La proxima semana
(2 de diciembre de 2014)

= Presentador Invitado
Dr. Blake Schaeffer de la Administracion de Proteccion
Ambiental (EPA): Repaso del Monitoreo de |la Calidad
del Agua a partir de las Observaciones de Percepcion
Remota

= Estudios de Caso:

1) Monitoreo de la CA del lago Atitlan, Guatemala
(Dra. Africa Flores: NASA-SERVIR)

2) CA del lago Victoria : Pardmetros de la CA de las
Imagenes del MODIS y del Landsat

= Resumen del Cursillo



iGraclas!

Amita Mehta correo electronico: amita.v.mehta@nasa.gov



Apeéndice

Modelos de la Calidad del Agua en EE UU

Bandas Espectrales de Sensores Satelitales



USGS SPARROW

http://cida.usgs.gov/sparrow/
(SPAtially Referenced Regressions On Watershed)

Redaresiones en cuencas hidricas espnacialmente referenciada
Relata las mediciones de la calidad del agua hechas a lo
largo de una red de estaciones de monitoreo a atributos de
las cuencas hidricas

(fuentes de contaminacion y factores ambientales)

Contact USGS

28 Search USGS

SPARROW Decision Support Syste

Find a Model by Geographic Location: Documentation and Further Reading Tutorial Videos
Select a region or state. When a state is selected, all models s What is SPARROW? [ select a video... B
containing that state are listed. e What is SPARROW Decision Support? Watch now >
* SPARROW Applications & Found a bug or have a comment?
Documentation . db ) g )
SPARROW DSS FA ease send bugs, suggestions and questions
1 Qs to the SPARR(?W Decision Support

System Administrator.

Selected Model

No model selected

Use the filter and selection list to the left to select a
model.

Nitrogen
Phosphorus
Total Organic Carbon

Suspended Sediment Mﬂ'd . ed COI"IStitI.IE'I"It'

Total Dissolved Solids
[_Any

nrdele matchina vaugffritaria rrlicrk 2 madal tn chnw dataile)


http://cida.usgs.gov/sparrow/

EPA BASIN*y AQUATOX

("Better Assessment Science Integrating Point and Nonpoint Sources)
Mejor Ciencia de Evaluacion Integrando Fuentes Puntuales y No Puntuales

http://water.epa.qgov/scitech/datait/models/library index.cfm

“ E LE =] ¥ T St e I
I ‘ l L (=1 ates Environms al Protectior "—'\.][—IL,

LEARN THE ISSUES =~ SCIENCE & TECHNOLOGY = LAWS & REGULATIONS = ABOUT EPA O
Water: Water Quality Models EAContact Us @ Share

You are here: Water »Science & Technology »Applications & Databases »Water Quality Models » Publications

NaterHome Publications

Drinking Water

Water Quality Modeling and Total Maximum Daily Loads Guidance

Education & Training

Grants & Funding Allocated Impact Zones for Areas of Non-Compliance (PDF) [revised] (3MB) NTIS#:
Laws & Regulations EPA#: B23/R-95-003 YEAR: 1995 ERIC# D-075

Our Waters
AQUATOX: A SIMULATION MODEL FOR AQUATIC ECOSYSTEMS NTIS#:
Pollution Prevention & ERIC#:

Control

Resources & Performance ) . )
AQUATOX: A Modular Fate and Effects Model for Aguatic Ecosystems, Release 1 —- Volume 3: Model

Science & Technology Validation Reports (PDF) (3MB)

Analytical Methods & EPA#: 823-R-00-008 YEAR 2000

Laboratories
Applications & Databases . )
cli e Change & Water AQUATOX: A Modular Fate and Effects Model for Aguatic Ecosystems—CD-ROM (model and

Contaminants of Emerging supporting documentation)
Concern EPA# 823-C-00-001 YEAR 2000

Drinking Water

Monitoring & Assessment

Research & Risk
Azcacomeant

BASINS (Better Assessment Science Integrating Point and Nonpoint Sources): - User's Manual
EPA#: 823/B-01-001 YEAR: 2001



http://water.epa.gov/scitech/datait/models/library_index.cfm

USDA Water Quality Information Center
Centro de Informacion de la Calidad del Agua del Depto. de agriculturade EE UU

http://wqic.nal.usda.gov/tools-and-quides/modeling

iy United States Department of Agriculture
= National Ag ricultural Lib rary WATER QUALITY INFORMATION CENTER

" N Tools and Guides >

Search Water Quality Modeling Tools and Guides

o Discussion Lists

Spotlights o Expertise
o Search all USDA o Federal Agencies and
o Advanced Search Departments
o Search Tips o Funding
o Internet Indexes
: o Journals
Browse by Subject e Model Provides Major Advance in Controlling Water Erosion o Modeling

o Professional Societies
Article from Agricultural Research on the Water Erosion Prediction Praoject {(WEFP)
model, a process-based, distributed parameter, continuous simulation, erasion - o

o Agricultural
Environmental

o Water Webinars

sl L prediction model for use on personal computers.
o Educational Materials
o Irrigation Modeling Agricultural Areas
o Regional Infarmation NASA. Astrophysics Data System; Harvard Univeristy; Smithsonian Institution.
o Social and Legal Issues A search of citations from the Physics and Geophysics set, a component of the ADS databases
o Tools and Guides containing 4.7 million records. Find out more about the system.

o Water Availability

SPARROW: SPAtially Referenced Regressions On Watershed Attributes
o Water Quality

DOI. United States Geological Survey.



http://wqic.nal.usda.gov/tools-and-guides/modeling

Sensor Landsat-7

ETM+ : Enhanced Thematic Mapper ETM+
(Cartografo tematico perfeccionado)

Tamano de escena; 183m x170 km

Landsat Wavelength Resolution
7 (micrometers) (meters)

Band 1 0.45-0.52 30

Band 2 0.52-0.60 30

Band 3 0.63-0.69 30

Band 4 0.77-0.90 30

Band 5 1.55-1.75 30

Band 6 10.40-12.50 60 * (30)

Band 7 2.09-2.35 30

Band 8 .52-.90 15
Resolucién
Espacial

Para mas detalles: http://landsat.usgs.gov/band designations landsat

satellites.php



http://landsat.usgs.gov/band_designations_landsat_satellites.php

Sensores del Landsat-8

OLI: operational Land Imager TIRS: Thermal Infrared Sensor

(Captador de imagenes terrestres operacional) (Sensor Termal Infrarrojo)
Scene size: 183m x170 km

] Bands W:avelength Resolution
(micrometers) (meters)
Band 1 - Coastal aerosol 0.43 - 0.45 30
Band 2 - Blue 0.45 - 0.51 30
Band 3 - Green 0.53 - 0.59 30
Band 4 - Red 0.64 - 0.67 30
Band 5 - Near Infrared (NIR) 0.85 - 0.88 30
Band 6 - SWIR 1 1.57 - 1.65 30
Band 7 - SWIR 2 2.11 - 2.29 30
Band 8 - Panchromatic 0.50 - 0.68 15
Band 9 - Cirrus 1.36 - 1.38 30
Band 10 - Thermal Infrared (TIRS) 1 10.60 - 11.19 100 * (30)
Band 11 - Thermal Infrared (TIRS) 2 11.50 - 12.51 100 * (30)

Para mas detalles : http://landsat.usgs.gov/band designations landsat satellites.php



http://landsat.usgs.gov/band_designations_landsat_satellites.php

Informacion de la Calidad del Agua del MODIS

Banda Gama(nm) Uso principal

8 405-420 Clorofila

9 438-448 Clorofila

10 483-493 Clorofila

11 526-536 Clorofila

12 546-556 Sedimentos

13h 662—672 Atmoésfera, Sedimentos

13l 662—-672 Atmosfera, Sedimenots

14h 673—683 Clorofila Fluorescencia

14| 673—683 Clorofila Fluorescencia

20 3.660-3.840 Temperatura Marina Superficial

https://lpdaac.usgs.gov/products/modis prod
ucts table/modis overview



https://lpdaac.usgs.gov/products/modis_products_table/modis_overview

(courtesy of H. Oudrari)

Band Spectral Horiz Sam ple Interval (km)
No Driving EDR(s) Range (track x Scan)
fum) Nadir  End of Scan
Ocean Color 0.402-0.422 |0.742x0.250| 160 x 1.58
M1 Aerosol
Ocean Color : ,
. e 0.436-0.454 |0.742x0.250| 1.60x1.58
Ocean Color
e ! 0.478-0.498 |0.742x0.259| 1.60x 1.58
Ocemn Color 0.545-0.565 |0.742x0.250| 160x1.58
w LLES Aerosol
4= imagery EDR 0.600-0.680 | 0.371 x 0.387 | 0.80 x0.789
o Ocean Color
o o TGy 0.662-0.682 |0.742%0.269| 160x1.58
S M6 Atmosph, Correct. | 0.739-0.754 |0.742x0.776| 180 x 1.58
S 2 NDVI 0.846-0.886 |0.371x0.387 | 0.80 x0.789
[+'4 Ocean Color ,
= Aerosol 0.846-0.885 |0.742%0.259| 1.60x1.58
M3 Cloud Particle Size 1.230-1.250 |0.742x0.776| 160x1.58
M9 Cirrius/Cloud Cover 1.371-1.386 |0.742x0.776| 160 x 1.58
i3 Binary Snow Map 1.580 - 1.640 |0.371 x 0.387 | 0.80 x0.789
| M10 Snow Fraction 1.680-1.640 |0.742x0.776| 160 x 1.68
M11 Clouds 2.225-2275 |0.742x0.776| 18680x 158
I i Image ry Clouds 3.550-3.030 | 0.371 x0.387 | 0.80 x0.780
3 M12 SST 3.660-3.840 |0.742%0.776| 160 x 158
& SST
a e Hic 3973-4128 |0742x0259| 160x158
5]
g 'M14 | Cloud Top Properties | 8.400-8.700 | 0.742x0.776| 1.60 x 1.68
= M15 ssT 10263 - 11.263 | 0.742 x 0.776 | 160 x 1.58
S 15 Cloud Imagery 10.600 - 12.400 | 0.371 x 0.387 | 0.80 x 0.789
[ m16 SST 11.638-12.488 | 0.742 % 0.776 | 1.60 x 1.68
Table 1: VIIRS Channels




Bandas espectrales del
SeaWiFS y Caracteristicas
del Seastar/OrbView

Instrument Bands

Band Wavelength
1 402-422 nm
2 433-453 nm
3 480-500 nm
4 500-520 nm
5 545-565 nm
6 660-680 nm
f) T45-785 nm
8 B45-885 nm
Mission Characteristics
Orbit Type Sun Synchronous at 705 km
Equator Crossing Noon +20 min, descending
Orbital Period 99 minutes
Swath Width 2,801 km LAC/HRPT (58.3 deprees)
Swath Width 1,502 km GAC (45 degrees)
Spatial Resolution 1.1 km LAC, 4.5 km GAC

Real-Time Data Fate

665 kbps

Revisit Time

| day
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Table 1.
Characteristics of historical and current ocean-color sensors (Intermnational Ogean Color Coordinating Group. http: http/wwawiogeg orp/sensars).

Sensor Agency Satellite (iperating Dates  Spatial Hesolution (m) Basds Spectral Coverage (nem) bkt
CRCs MNASA (LISA) Nisnbus-7 [LSA) 2410 TR-2206/b A2 f 43312500 Palar
SeaWils MNASA (LISA) CrnView-2 [LUSA) 01089T-140211 1100 b 402-E82 Palar
MODIS-Terra MASA (LISA) Terrn (ECS-AMT) Lasnch IR1129% 2H0/8000] 000 34 dl3-14, 385 Palas
MODIS-Agua NASA (USA) Ma'an Agqua (EOS-FMI) Lagnch D470502 2H0/8000] 000 34 dl3-14, 385 Palas
Fobder CRES (France) ADEOS (fapan) I TR 20T s, D0 9 Ad1-510 Palas
Pokder-2 CNES (France) ADECE-[] (Japsn) 1412022410003 &, 000k 9 441510 Palas
Pokder-3 CNES (France) Parasal Laaneh DE/1.2704 &, 000k 9 4451020 Palas
MOs DLA (Germary) IS 3 (lmidsa) 2100983 170804 S0 ] A0K-] 400 Palas
MERIS E5A (Earepe) ERVISAT (Eusope) Lasnch 0170302 3000y 200 i5 Al2-1,040 Palas
0TS BASDIA (Japan) ADEOS (fapan) 11 0a S0 06T gl i2 02-12.500 Palas
L BASDIA (Japan) ADECS[] (Japan) 14202 =24 1003 25000, 000 34 1V5-12.500 Palas
OCt NEC (Japar) ROCSAT-1 (Taiwan) 27019516604 15 ] A33-12.300 Palas
LRER KARD (Kosea) KOMPSAT-1/Azirarg-1 (Korea)  200129%-31/1/08 Hi0 ] A00- 500 Palas
G RARLVKORDI [South Kose) D0MS Laurch 26610 SOy ] A00-842 Gieontatiorary
CMODS CNEA (China) 523 [China) 2503021 50802 A} 14 0312500 Palar
CEl CNEA (China) Hy-1A (China) 13080201004 250 4 A20-FI0 Palar
TS ChESA (China) Hy-1A (China) 130202010404 1,100 1] 02-12.500 Palas
CEl ChESA (China) Hiy- 18 [Chira) Launch 1146007 230 4 REES R Palas
COCTS CNEA (China) Hy-11 (Chira) Launch 11004007 1,100 ] H02-12.300 Palas
M ISRO (1mdia) IRS-P4 { Inidia) Launch 260598 Jaia DOt ] 402-E82 Palar
-2 ISRO (1mdia) Oreesmaal-2 (India) Lagrch 230908 Jaia DOt ] AT S0 Palar
MMRS COMNAE [Arpentina) SACC (Argentina) 2111060 = 00 175 5 Asl-1,700 Palas
HICD OR and DODSpace Test Programane JEM-EF|nt.Space Sin, Lasnch [R090% 10 124 S0-1,000 S1.6°.15 5 arbits pid



